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In mammals, melanin is synthesized in the
melanoeyte and secreted into the keratinocyte,
chiefly the basal cell. Melanin, thus transferred
is located mainly supranuclear position of the
basal cell, and it is thought to form an epider-
mal light-absorbing mantle by which the harm-
ful effects of ultraviolet light are blocked. With
the human skin, Fitzpatrick has clearly shown
a protective effect of melanin against UV irra-
diation (1).
Inactivation effect of UV light on various en-
zymes including succinate dehydrogcnase (EC
1.3.99.1.) (2, 3), choline dehydrogenase (EC
1.1.99.1) (3), ATPase (EC 3.6.1.3) (4) and
oxidativc phosphorylation (5), have been re-
ported, and it seemed possible that the process
of enzyme inactivation by UV light could be
used for studying in vitro the protective mecha-
nisms of melanin against harmful UV light
under this work, carried out on tyrosinase (EC
1.10.3.1.), ATPase and acid phosphatase (EC
3.1.3.2.) of smooth surfaced membranes and
melanosomes isolated from Harding Passey
mouse melanoma, indicated that melanin pro-
tected enzymes from the UV light inactiva-
tion (6). The following report is an extension
of these studies.
MATEflIAL5 AND METHODs
1. Preparation of various cell components:
Harding Passey mouse melanoma were serially
transplanted in Swiss strain mice. The entire
actively growing melanoma was excised when it
reached 1.0 to 1.5 cm in diameter and was
promptly homogenized in 025 M sucrose solution
at about 0°C. All subsequent processing were per-
formed in a cold environment. Melanosomes were
prepared from the large granule fraction by the
method described by Seiji et ol (7) and smooth
surfaced membranes by the method described by
Rothschild (8) from the small granule fraction.
Mitoehondria and lysosomes were isolated from
rat liver by the Van Lancker's (9) and Weiss-
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mann's (10) method respectively. The protein con-
tent of various cell particles was determined by
the Fohn-Ciocalteu (11).
2. Ultraviolet light source: UV irradiation was
provided by means of a germicidal lamp, especially
designed by Mitsubishi Electric Co. Approximately
97 per cent of the emission energy of the lamp is
at 2536.5 A, and when measured at 10 cm from
the source, the lamp emitted approximately 39 X
10 erg per cm' per minute.
3. Determinations of various enzymes: Tyro-
sinase activity was estimated by measuring oxygen
uptake in a Clark type electrode (12) and by
eolorimetric method (13), using 1 mg of L-dopa as
substrate in M/10 phosphate buffer (pH 6.8).
ATPase and acid phosphatase activities were de-
termined by the methods of Ernster (14) and
Gianetto (15) respectively. Succinate dehydro-
genase activity was estimated respirometrically by
measuring oxygen consumption in the presence
of Cytochrome C, as described by Umbreit et ol
(16).
4. Experimetal procedures: The cell particles
to be irradiated were suspended in 025 M sucrose
solution to give a concentration of 4 mg as pro-
tein per ml and 1 ml of a suspension of cell parti-
cles was placed in a shallow dish with an inside
diameter of 25 mm and depth of 14 mm which
was placed on the ice flake. The lamp was operated
10 cm above the surface of the dish. The exposed
surface area of the suspension was small enough
that all of the surface was uniformly irradiated.
Following irradiation, the particles suspension was
immediately subjected to the determination of
enzyme activities, with the exception of lysosomes.
In the case of lysosomes, the suspension of parti-
cles irradiated was transferred to a centrifuge tube
quantitatively, and the supernatant obtained after
the centrifugation was subjected to the determina-
tion of acid phosphatase activity.
RE5ULT5
Tyrosinasc, ATPasc and acid phosphatasc
activities of both melanosomes and smooth
surface membranes, irradiated with UV light,
are shown in Table I. The activities of these
three enzymes of smooth surfaced membranes
showed conspicuous decrease with increased
dose of the irradiated UV light energy, on the
other hand, the activities of enzymes of melano-
somcs showed no significant change. The inac-
tivation effect of UV irradiation was most re-
markable on the tyrosinase and was followed
by the effect on acid phosphatase and ATPase.
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Succinate dehydrogenase activity of mito-
chondria isolated from rat liver was inactivated
by TJV irradiation in vitro as shown in Table
II. Wben melanosomes, which contain melanin
but no succinate dehydrogenase, were mixed
with mitochondria, the inactivation effect of UV
irradiation diminished. It is quite reasonable
to conclude that such an effect of melanin on
the enzyme inactivation by UV light would be
due to the protective effect of melanin against
UV light. When the quantity of melanosomes,
which were mixed with mitochondria, was
changed, the protective effect of melanin against
UV irradiation was enhanced with the increase
of the content of melanosomes as shown in
Table III. Behavior of lysosomes with the 1W
irradiation differ from that of mitochondria.
When lysosomes in a suspended form are irra-
diated under UV light, characteristic lysosomal
enzymes, acid phosphatase or protease are re-
leased from lysosomes and they are recovered
TABLE I
Tyrosinase, A TEase and acid phosphatase activities
of melanosomes and smooth surfaced membranes
after ultraviotet light irradiation
isv energy
10° erg/cm°
Enzymes Activities (per cent)
Tyrnsinase' ATPase' AcidPhosphatase'
Mel. SM. Mel. SM. Mel. SM.
0
1.95
3.9
7.8
11.7
100
100
100
101
102
100
62
56.2
26.8
25.4
100
99
99
101
103
100
84
84
74
63
100
110
93
102
110
100
96
84
57
48
Reaction systems are as follows:
1) 0.1 M Potassium phosphate buffer pH 6.8,
1 mg. L-dopa in volume 1.5 ml temp. 30°C
and for the colorimetric determination, 0.1
M potassium phosphate buffer pH 6.8, 1 mg
L-dopa in volume 5 ml temp. 33.5°C.
2) 0.05 M Tris buffer pH 7.5, 4 mM MgC12 , 5
mMATP, in volume 2.0 ml reaction time; 20
mm., temp.; 37°C.
3) 0.05 M acetate buffer pH 5, 0.05 M fi-glycero-
phosphate, in volume 2.0 ml reaction time;
10 mm., temp.; 37°C.
Abbr. Mel: melanosomes, SM: smooth surfaced
membranes.
Enzymes activities are expressed as percentage
of the control which is not irradiated.
TABLE II
,S'uccinate dehydrogenase activity of mitochondria
and of mixture of mitochondria and melanosomes
after ultraviolet light iriadiation
isV energy 10' erg/cm°
Snccinate dehydrogenase activity(per cent)
Mitochnndria Mitnchondria +Melannonmes
0 100 100
1.95 95.9 100
3.9 87.8 94.4
7.8 47.0 90.0
11.7 36.7 73.4
Reaction systems are as follows: 3.3 >< 10—2 MI
Potassium phosphate buffer pH 7.5, 1.2 X 10° MI
cytochrome C, 0.4 mM CaCl2 , 0.4 mM A1C13 and
0.05 MI disodium succinate in volume 1 ml temp.
38°C. 2.7 mg of mitochondria and 2.7 mg of mel-
anosomes as protein were used. Enzyme activity is
expressed as percentage of the control.
TABLE III
,S'uceinate dehydrogenase activity of mitochondria
and of mitochondria + melanosonses
after ultraviolet light irradiation
Mitochon- Mitochon- driaMel- dria+MeIidria+Mel
irradiated icradiated anosornes anoonmes anosomes
100 4717 83.5 94.5 94
Reaction systems are the same as Table II ex-
cept the quantity of mitochondria used which was
4 mg as protein.
Ultraviolet light energy used was 11.7 >< 10'
erg/cm2. Quantity of melanosomes is expressed as
protein.
Enzyme activity is expressed as percentage of
the control which is not irradiated.
from the Supernatant fluid obtained after
the eentrifugation. The experimental results,
shown in Table IV, iudieate clearly such lyso-
somal behavior with IJV irradiation as de-
scribed above. Acid phosphatase activity re-
covered in the supernatant fluid, obtained after
the centrifugation of lysosomes irradiated, in-
creased with the increase of the UV light
energy given. And when melanosomes were
mixed with lysosomes in various quantities,
the effect of UV irradiation, by which acid
phosphatase is released from the lysosomcs,
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diminished with the increase in the quantity
of melanosomes mixed as shown in Table V.
nlscussloN
Melanosomes are now believed to derive
from the smooth surfaced endoplasmic reticu-
lum located near Golgi area in the melanoeyte
(9). It is thought, therefore, that the chemical
composition of smooth-surfaced membranes,
isolated from melanoma is quite similar to that
of melanosomes except for melanin which is
specifically synthesized and deposited on melano-
somes (17). As it is clearly shown in Table
I, however, irradiation effect of ultraviolet light
on the smooth-surface membranes was entirely
different from that on the melanosomes. Ac-
tivities of tyrosinase, ATPase and acid phos-
phatase of smooth-surfaced membranes de-
creased remarkably with the increase of the UV
light energy given, while the enzymes of melano-
somes were kept intact completely under the
same condition. From the experimental re-
sults obtained, it is apparent that tyrosinase,
ATiPase and acid phosphatase of smooth sur-
faced membranes were inhibited by the TJV irra-
diation directly or by some products which
might be produced by irradiation, but those
of melanosomes were not. The presence of mela-
nin must be considered the principal cause for
such difference, since melanin is thought to play
an important role in blocking the passage of DV
light. This assumption was confirmed by the fol-
lowing experiments with mitoehondria and ly-
sosomes.
When mitoehondria (isolated from rat liver
UV energy 10'erg/cm' Acid phosphatase activity(per cent)
0
5.85
11.7
17.55
23.4
100
121.5
167.5
210
263.5
Lysosomes suspension (4 mg protein/mi) was
irradiated, centrifuged for 20 mm. at 15,000 1< g
and then the enzyme activity of the supernatant
fluid was determined. Enzyme activity is ex-
pressed as percentage of the control which was not
irradiated.
TABLE V
Acid phosphatase activity of lysosomes and of
lysosomes + melanosomes after
ultraviolet irradiation
L n omes Lysosomes Lysnanmes Lysosomesys , Lyansomea + Mel- + Mel- + Mel-
d irradiated anosomes anosomes anosomes,cra ,atc (0.5 mg) (1 mg) (2 mg)
100 177.6 140.6* 130.5* 119*
Lysosomes suspension (4 mg protein/ml) and
mixture of lysosomes and melanosomes were irra-
diated, centrifuged for 20 minutes at 15,000 >< g
and then the enzyme activity of the supernatant
fluid was determined. Enzyme activity is ex-
pressed as percentage of the control which is not
irradiated.
* The control for the mizture of lysosomes and
melanosomes was taken individually since mela-
nosomes contain acid phosphatase. Ultraviolet
light energy given was 11.7 >< 10 erg/em2.
and suspended in 0.25 M sucrose) were irradi-
ated by DV light, sueeinate dehydrogenase
activity was inhibited (Table II), as was pre-
viously observed by Ottolenghi (3), Beyer (4),
and Barber (2). And the presence of melano-
somes during irradiation with DV light afforded
a considerable degree of protection of the mito-
ehondrial suecinate dehydrogenase activity, as
shown in Table II and III. Since the contents of
mitoehondria and melanosomes used in the ex-
periments in Table II and III were not the
same, it is not possible to compare the results
directly. However, it seems possible to assume
that 1 mg of melanosomes is reasonably suffi-
cient to prevent the irradiation effect. As for
the control experiment, heat denatured mito-
ehondria were used instead of melanosomes, but
no protective effect ivas observed. Although
the protective effect of serum albumin on the
inactivation of mitochondrial enzymes by DV
irradiation has been described (5), heat dena-
tured mitochondria were selected and used in
order to simulate as far as possible the mixed
suspension of mitochondria and melanosomes
used in the experiments.
Lysosomes (also prepared from the rat liver)
were used to study the protective effect of mela-
nin against DV light. When melanosomes are
mixed with lysosomes, the effect of DV irradia-
tion was considerably reduced, demonstrating
the protective effect of melanosomes against
DV light.
TABLE 1V
Acid phosphatase activity of lysosomes after
ultraviolet irradiation
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To study the nature of the free radicals of
melanosomes in relationship to the protective
mechanism of melanin on DV light, suspensions
of melanosomes in 1/10 M phosphate buffer
(pH 6.8) were examined to determine the con-
tent of free radical with the Hitachi Electron-
Spin-Resonance Spectrometer. A typical free
radical signal was shown and g-value of melano-
some was 2003. When the melanosomes sus-
pension was irradiated with DV light at
—196° C, the ESR peak became 10 times as
high es the control (18). Increases of free radi-
cals in number, detectable only at —196° C
should be related to the DV light energy ab-
sorbed. These experimental results were in rea-
sonably good agreement with those reported
by Mason (19) and Cope (20). Although the
relationship between the protective mechanisms
of melanin on ultraviolet irradiation and the
free radical nature of melanin is not yet clear,
it is presently thought that the free radical is
in some way related to the DV protective mech-
anisms of melanin. Thus, melanin can act as a
stable free radical that can function as a reposi-
tory of photoactively produced electrons, or it
may capture the free radicals generated by the
action of DV light on cell particles arid thus
protect the particles from the harmful metabolic
effects.
5UMMARY
The effect of ultraviolet light (2537A) on the
smooth-surfaced membranes and melanosomes
isolated from Harding Passey mouse melanoma
has been studied. Tyrosinase, ATPase and acid
phosphatase of smooth-surfaced membranes
were found to be highly sensitive to such treat-
ment, in contrast to the findings that these
enzymes of melanosomes were kept entirely
intact under exactly the same experimental
conditions. Mitoehondria and lysosomes isolated
from rat liver were also the subject of study of
the irradiation effect of ultraviolet light. Sue-
einate dehydrogenase of mitoehondria was found
to be very sensitive to the ultraviolet light
irradiation. Suceinate dehydrogenase activity is
protected by the presence of melanosomes dur-
ing irradiation. The activity of acid phospha-
tase, which is released by ultraviolet irradiation
from lysosomes and recovered from the super-
natant after the centrifugation, increased with
increase of the nltraviolet light energy given.
Such effect of ultraviolet light irradiation on
lysosomes diminished when melanosomes were
present in the suspension of lysosomes during
irradiation.
The experimental results obtained here indi-
cate that melanin protected enzymes from the
ultraviolet light inactivation under in vitro ex-
perimental conditions. Although this protective
mechanism of melanin is not yet thoroughly
understood, it seems not unlikely that the free
radical nature of melanin is related to the
mechanisms of protection against untraviolet
light.
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